Bombus rufofasciatus SMITH is a Tibetan species, widely distributed in the Oriental region. It is a medium tongued species abundant in both the north-east and north-west Indian Himalaya, covering an altitude range from 2400 to 4200 m. Because of its abundance and very wide distribution, it is associated with a sizeable number of host plants. 
INTRODUCTION
In India, bumble bees are mostly confined to high-altitude regions. Different species are restricted to different altitudinal strata, ranging from 1000 m to 5500 m. They nest either in the ground, often in abandoned rodent burrows, or above ground in tall grasses (KEARNS & THOMSON 2001) . Recent studies have shown that bumble bees routinely forage at considerable distances from their nests (DRAMSTAD 1996 , OSBORNE et al. 1999 . They are intimately associated with different types of flowers (wild and cultivated) and are found foraging everywhere in different mountain regions. Each species has its own preference for particular flowers to obtain pollen and nectar. These insects prefer open sunny meadows to dense, close-canopied forests. The species confined to very high altitudes are comparatively small in size, dull in colour and produce a high buzzing sound while on the wing. The small size of high-altitude species is directly correlated with the type of vegetation growing in these areas, which generally takes the form of small bushes with very small flowers that need smaller insects for pollination. These economically important insects are responsible for pollinating a wide variety of plants, which in addition to providing food, play a key role in the functioning of agricultural ecosystems. These bees are polylectic, foraging from a wide variety of flowers, and are better suited to survive in human-dominated landscapes than oligolectic, or specialist bees (WESTRICH 1996) .
As far as ecological and behavioural studies are concerned, hardly any work has been done on Indian bumble bees. In spite of the fact that bumble bee diversity can be exploited for the pollination of crops, fruit trees, vegetables and medicinal plants, as well as in greenhouse farming and floriculture, nobody has done any work in this respect. The present paper gives the food preferences, detailed taxonomic descriptions, synonymy, illustrations, foraging range, colony size, visiting timings and ecological distribution patterns of Bombus rufofasciatus, which is prevalent in various parts of the north-west Himalayan belt. A separate list of its food plants is provided.
for queens and August to October for workers and males). Particular attention was paid to the areas above 2000 m. The altitude of each site was measured with a digital altimeter. Sampling was conducted at sites dominated by the most representative vegetation types of the region (Figs 28-29) .
Bumble bees were collected by sweeping with a hand net and later killed with ethyl acetate. Some insects were also collected with a malaise trap. In addition to collection, live photography of the species under study was done with an Olympus camera equipped with different macro lenses.
The collected insect material was first sorted in the field and later brought to the laboratory for further identification and analysis. For the collection of these insects, special transparent killing jars were designed so as to preserve the colour of the pubescence. A paste of plaster of Paris was poured into 10 inch long transparent glass jars and allowed to dry. The solid POP was soaked with ethyl acetate. After placing a cotton wool plug at the top of the POP it was covered with a layer of thick blotting sheet to prevent direct contact between the insect and the ethyl acetate soaked POP. The inner sides of the killing jar were also covered with filter paper to absorb the water vapour that would otherwise spoil the insect's pubescence. As the colour of the pubescence in bumble bees is of great importance in species identification, the necessary care was taken during collection. In view of the delicacy and beauty of the pubescence, insects killed in the killing jar were continuously shifted to another jar of the same size. Each bumblebee was pinned with entomological pins of a size appropriate to that of the insect. After stretching, a label was attached to the specimens containing information on the locality, altitude and date of collection and the name of the collector. Later, the stretched specimens were transferred to storage boxes, poisoned with ethyl-acetate soaked cotton wool and with naphthalene powder filling the side grooves of the boxes. All the identified specimens have been deposited at the Department of Zoology, Punjabi University, Patiala, for future reference.
Temporary slides of different parts, such as the male genitalia, labrum, pollen collecting apparatus, antenna, meso-and meta-basitarsal segments, were prepared in glycerine and alcohol. The genitalia could easily be extracted from fresh specimens with fine forceps, whereas in dried materials the body had to be relaxed overnight in distilled water until it became pliable, after which the genitalia were removed with forceps and placed in 70% alcohol for further study. Some of their important features, like the penis valve, gonostylus, gonocoxites, gonobase, volsella and spatha are of great taxonomic significance.
The various morphological features were examined under a binocular microscope fitted with an ocular grid. Photographs of the specimens were taken with a Canon 18 MP EOS 5D. During the field survey photographs of live bumble bees along with their host plants were taken with an Olympus Zoom Digital camera (7.2 MP, C A Media C-7070). The species' food preferences were also studied. All the food plants of this species were collected; they were identified at the Centre of Plant Taxonomy, University of Kashmir, and confirmation of these identities was obtained from FRI Dehradun.
Colony size, foraging range and visit timings of Bombus rufofasciatus were recorded for which the direct observation and marking method (DRAMSTAD 1996) was followed from time to time at different altitudes in the Himalaya during 2007-2010.
DESCRIPTION

Bombus (Melanobombus) rufofasciatus SMITH, 1852
B. rufofasciatus SMITH, 1852: 48, Lectotype queen, India: North (BMNH). DALLA TORRE 1896: 544; SKORIKOV 1923: 160; TKALCU 1974a: 340; WANG 1982 WANG : 438, 1988 WANG : 556, 1992 WANG : 1427 WILLIAMS 1991: 105; WILLIAMS and CAMERON 1993: 127; BURGER et al. 2009 (Figs 1, 2) . Pubescence on head, mesonotum and abdominal tergum 2 black; pronotum, metanotum and abdominal tergum 1 white; tergum 3 entirely reddish; tergites 4 and 5 white. Workers with abdominal tergum 2 yellow, 3-4 reddish and tergum 5 white; wings light brown. Boss on abdominal tergum 6 nearly circular and evenly convex, only narrowly pointed adjacent to apex of tergum; mid basitarsus, with the distal posterior corner forming nearly a right angle and not sharply pointed; Labrum with basal transverse depression extending apically as a deep median furrow between pronounced lateral tubercles, displacing ridge between them to form a lamella that overhangs apical margin (Fig. 16 ). Antennal segments 3:4:5=1:5:6.5; LF: LS: LHB=11:5:11.2 (Fig. 14) . The distoposterior corner of mesobasitarsus bluntly pointed. Length of disto-posterior corner is less than that of distoanterior corner (Fig. 17) . Hind basitarsus with dense pubescence of proximal margin (auricle) continuing onto the outer surface of proximo-posterior projection as just a few sparse hairs, length of projection is equal to its breadth at its base; distal half of its posterior margin weakly concave with distoposterior corner roundly pointed and equal to distoanterior corner (Fig. 15) ; hind basitarsus with the posterior margin nearly straight; the longest of the erect hairs near the anterior margin of the outer surface as long as the greatest breadth of the basitarsus; mandible distally broadly rounded with three teeth; oculo-malar distance approximately 1.1 times the proximal breadth of the mandible; dorsum of the head with large and small punctures scattered almost throughout, except in the ocellar depressions; apex of tergite 7 with a boss nearly circular and evenly convex. Male (Fig. 3) . Coloration like that of workers. Compound eyes strongly enlarged as compared to the female; antenna reaching posteriorly only just to the wing bases; mandible distally pointed, with one additional tooth (Fig. 21) ; anterior margin of labrum almost truncate (Fig. 20) . Lateral tubercles not meeting in the centre, interrupted by a shallow depression. Except for the tubercles, the rest of the area densely punctured. Antennal segments 3:4:5=1.25:1:1.25; LF:LS:LHB=11:4:10.5 (Fig. 18) ; MS:BMB=1:1.5; MBB:LOB=3:12.5. Genitalia with the penis valve distally incurved into a sickle shaped head, the recurved crook of the head longer than its proximal breadth, narrowed and straight and the ventro-lateral angle of the penis valve reduced and almost absent; gonostylus distally reduced to an inner bifid process, without an inner submarginal longitudinal groove, the inner proximal process broad and pointed; interio-basal process of gonostylus with apex forming nearly a right angle, interio-apical process with sides diverging towards apex (Figs 9-13). Altitude 2400-4800 m above sea level. Ecology Insect foraging behaviour is an area in which knowledge has advanced rapidly in recent years, and much of this research has focused on bumble bees. Bumble bees are excellent organisms for studying foraging behaviour. They are conspicuous, docile and easily observed without causing interference; and they forage ceaselessly, even under cool, cloudy conditions when other insects are inactive. Furthermore, studies of pollinator behaviour are of particular interest because the majority of flowering plants rely on insects to mediate pollen transfer. Thus, it is the behaviour of insects that determines which flowers will set seed and which will not. Bumble bees have become popular vehicles for examining the assumptions and predictions of foraging models and the interplay between learning, memory constraints and foraging efficiency in a complex and unpredictable environment. Foraging range is the fundamental aspect of bumble bee ecology, for it determines the area of the habitat that an individual or a colony can exploit, and understanding the spatial relationship between nest and food resources allows us to make predictions about colony survival and distribution (NAKAMURA & TOQUENAGA 2002 , WILLIAMS & KREMEN 2007 . During the present study B. rufofasciatus was selected to study foraging behaviour. 10 workers were marked on the thorax with different colours at their nest sites and released; later, a smaller number of the marked bees were re-sited at different distances from 200 m to 1500 m. B. rufofasciatus regularly forages < 1500 m of its nests. A strong correlation between foraging range and colony size was observed during the current study. The largest colony of B. rufofasciatus contained 175 workers. It was found that the larger the colony size, the greater the foraging range. This obviously makes sense, as a large colony needs to range over a larger area to find sufficient food, all else being equal.
Fig. 3. B. rufofasciatus (male).
Material examined
Food plants already recorded
It was also observed that B. rufofasciatus forages heavily in the afternoon, with restricted activity in the early morning and late in the evening at high altitudes. Foraging activities were also recorded at 10:00, 14:00 and 18:00 hrs. The frequency of visits was also recorded -6-8 per minute; this observation is in conformity with earlier studies (DARWIN 1876 , GRANT 1950 , FREE 1970a LEVIN & ANDERSON 1970 , HENRICH 1979 , WASER 1986 , LEWIS 1986 , 1989 . B. rufofasciatus was also observed to have a broad host spectrum. Though the bees have a long list of preferred flowers, it does not include many apparently suitable flowers types or species. Bumble bees mostly prefer members of Asteraceae, followed by Lamiaceae and Papilionaceae. 51 food plants of B. rufofasciatus have been recorded for the first time from the study area. All the food plants were identified by different persons (see Acknowledgements).
The overall picture reveals that there are some plants on which B. rufofasciatus feeds heavily, such as Cirsium arvensis, Cirsium falconeri, Carduus spp., Nepeta spp., Prunella vulgaris, Impatiens balsamina, Saussurea spp., Trifolium repens and Trifolium pratense. However, there are some other plants, like Artemisia spp., Pedicularis pectinata, Swertia spp. and Indigofera spp., which, though they occur in close proximity to the abovementioned plants, are seldom visited. The preference of bumble bees for particular host plants cannot be attributed to a single factor; rather a group of factors are involved. Some of them include the shape, size and colour of the flowers, the pollen content and pollen amount, season and situation, etc. The bumble bees were found to prefer flowers growing on open mountain slopes rather than in dense, closed-canopied forests. The shape of the flower is an important factor in this respect, bilaterally symmetrical flowers being preferred to asymmetrical and radially symmetrical ones, a fact that tallies with earlier studies (MOLLER 1995 , MOLLER & SORCI 1998 , WEST & LAVERTY 1998 . The bright pink flowers of Impatiens sulcata WALL. (Balsaminaceae) were preferred to the yellow flowers of Impatiens scabrida LINN. (Balsaminaceae), even when both these plant species were growing side by side.
Figs 14-22. 14 -female antenna, 15 -female hind basitarsus, 16 -female labrum, 17 -female mid basitarsus, 18 -male antenna, 19 -male hind basitarsus, 20 -male labrum, 21 -male mandible, 22 -male mid basitarsus. Scale bar = 0.5 mm. 
